Summary.
The lymphatic sinus of the rabbit appendix was examined by scanning and transmission electron microscopy. Luminal surfaces of the sinus were lined by squamous endothelial cells, some of which, however, were blebby in surface relief due to the presence of electron dense granules in the cytoplasm. Many clusters of lymphocytes were present on the endothelial surface, mainly along the blood vessels of the trabeculae and of the sinus wall. Regional differences in collagen fibrillar arrangement of the sinus wall were demonstrated after the removal of the endothelial cells by the NaOH maceration method (OHTANI, 1987) . In the upper region of the sinus and the lymphatic plexus of the internodular thymus dependent area (TDA), the fibrillar layer was a delicate network of interwoven thin fibrils. Furthermore, transmission electron microscopy revealed frequent transmural passages of lymphocytes, which suggest the existence of pores or fenestrations in the fibrillar layer of these regions. The fibrillar layer in the lateral and basal sinus was formed by densely interwoven thick bundles or sheets which consisted of thin collagen fibrils. No obvious space was seen between fibrils. These observations suggest that the upper region of the sinus and the lymphatics in the TDA may be active sites of cell migration from the reticular tissue.
The rabbit appendix is a typical "gut-associated lymphoid tissue" (GALT), and has been investigated extensively from the points of its functional morphology and experimental immunology. In the wall of the appendix, lymphatic nodules are arranged regularly in one layer, and each nodule is surrounded by well defined lymphatic sinuses, both laterally and basally (CRABB and KELSALL, 1940; BOCKMAN, 1983; OHTANI, OHTSUKA and OWEN, 1986) . Lymphocytes proliferated in the GALT lymphatic nodules are considered to migrate into the surrounding lymphatic sinus or capillaries and enter the systemic circulation, and be redistributed to other lymphatic tissues and organs (FORD, 1975; WAKSMAN and OZER, 1976) . However, the exact pathways for lymphocyte migration from the lymphatic reticular tissue to the sinus or capillary at the ultrastructural level are not fully understood. OHTANI (1987) introduced a cell-maceration method with NaOH solution for scanning electron microscopic observations of connective tissue fibers. This excellent method enables the observation of the microarchitecture of collagen fibrils in various tissues and organs (OHTANI et al., 1988) . In the present study, this NaOH method was used and an attempt was made to clarify the collagen fibrillar arrangement in the lymphatic sinus wall of the rabbit appendix. The existence of potential pathways for lymphocyte migration is discussed in conjunction with regional differences in the structure of the sinus wall.
MATERIALS AND METHODS
Adult male rabbits (weighing about 3.0kg) were anesthetized by an intraperitoneal injection of Nembutal solution (25mg/kg), and were perfused with Ringer's solution via the abdominal artery. A fixative of 2.5% glutaraldehyde in 0.1M phosphate buffer (pH 7.4) was given through this same artery. Fixed materials were cut into small pieces (about 5x5x5mm) with razor blades, and kept in the same fixative for a few days. Scanning electron microscopy (SEM) The fixed specimens were rinsed with distilled water, and immersed in 1% tannic acid solution for 2h. After being washed in distilled water for several hours, they were conductive-stained with 1% OsO4 in 0.1M phosphate buffer (pH 7.4) solution for 2h. Specimens were dehydrated in a series of graded concentrations of acetone, and the critical point dried using liquid CO2. Dried specimens were coated with platinum palladium, and observed in a Hitachi S-450 and S-900 scanning electron microscopes.
For observations of fibrillar elements, pieces of glutaraldehyde fixed specimens were washed thoroughly in distilled water, and immersed in a 10% aqueous solution of NaOH for 30-50 days at 10C in a refrigerator.
The macerated specimens were rinsed in distilled water for a few days to remove any residual NaOH, and processed for SEM preparation following the conventional method mentioned above.
Transmission electron microscopy (TEM) Glutaraldehyde fixed specimens were cut into small pieces and post-fixed with 1.3% OsO4 in 0.1M phosphate buffer (pH 7.4), dehydrated with a series of graded concentrations of ethanol and embedded in epoxy resin. Thin sections were stained with uranyl acetate and lead citrate, and observed in a Hitachi H-7000 type electron microscope.
RESULTS
On vertically cut surfaces of the appendicular wall, irregularly shaped, cut lymphatic sinuses were seen among the compact cellular masses of lymphatic nodules (Fig. la) . The sinuses were traversed by trabeculae which contained blood vessels of various diameters (Fig. la) . The lumen of the sinus and the surface of trabeculae were lined by squamous endo- thelial cells; however, some endothelial cells contained electron dense granules in their cytoplasm (Fig.  2a) . The granules were spherical or elongated with a diameter of about 1.0um. These endothelial cells appeared blebby in surface relief in SEM-graphs (Fig.  lb) . Clusters of lymphocytes took the form of patches on the luminal surface of the sinus (Figs. la, b, 2a) . Although the clusters were found in an extensive area of the sinus, they seemed to be distributed along the blood vessels of the trabecula and the sinus wall. In addition to the small lymphocytes (about 5um in diameter) which constituted the main cell population of the patch, a small number of larger cells (about 10 um or more in diameter) were present (Fig. lb) .
In NaOH treated specimens, all of cellular elements of the sinus wall were completely dissolved, and the fibrillar layer underlying the endothelium was seen in its natural locations and organization. This layer was formed of thin collagen fibrils of uniform size (about 0.05um in diameter). However, there were distinct characteristics of the fibrilar arrangement in different regions of the sinus wall. In the luminally extended portions of the sinus and the lymphatics of the internodular thymus dependent area (TDA), the fibrilar layer was a delicate network, and numerous small pores were present among the fibrils, (Figs. 3a, b, 4a) . Through the pores, a part of the underlying lymphatic tissue reticulum could be observed (Figs. 3b, 4a) .
The lymphatic reticulum in the NaOH macerated specimens was seen as a three dimensional network formed by successive anastomoses and branchings of the reticular fibers (Figs. 3a, 4a, b) . Each fiber was relatively uniform in size (about 0.5um in diameter) and was formed by a bundle of thin fibrils (0.03-0.05 am in diameter). These fibers were flattened and anchored to the outer surface of the sinus; some fibrils seemed to continue to those of the fibrilar sheet of the sinus wall (Fig. 4b) . In the TEM-graph of this area, lymphocytes migrating across the sinus wall were frequently observed.
The fibrilar layer of the trabecula was a dense compact sheath (Fig. 5a ). Most fibrils were in circular orientation around the pillar-like trabeculae. In the sinus wall just basal to the TDA area, thin fibrils and small bundles of fibrils formed a coarse network (Fig. 5b) . Some narrow spaces were seen between the fibrils and bundles.
In the lateral sinus, the sub-endothelial surface of the fibrilar layer was relatively flat. The layer was formed of fibrilar bundles arranged into a compact sheet. Most bundles ran in a horizontal direction. A fine network of thin fibrils covered the dense fibrilar bundle layer (Fig. 5c) . No obvious space between fibrils was recognized in this region.
In the wall of the basally extended sinus, the relatively thick fibrilar bundles (about 1.5-2.0um in diameter) with a wavy extension running in various directions had a rough texture. A fine network of thin fibrils also covered the interwoven bundle layer (Fig.  5d) Some endothelial cells of the sinus contained electron dense granules in the cytoplasm. Using SEM these cells can be distinguished from smooth-surfaced squamous endothelial cells as being cells with granular surface relief. BOCKMAN and BoYDSTON (1982) and OHTANI, OHTSUKA and OWEN (1986) also used SEM to note the luminal surface structure of the sinus in this organ. Granular endothelial cells were not described. Many studies have shown that some specific endothelial cells of the blood vessels and the lymphatics contain "specific endothelial granules" (RHODIN, 1968; TABUCHI and YAMAMOTO, 1974; FUJI-MOTO et al., 1982) . These granules are known to function in the coagulation of blood and lymph, or as histamine reservoirs. The chemical nature of these granules remains to be determined.
The NaOH maceration method (OHTANI, 1987) is effective for removing cellular elements. Using this method, the reticular architecture in some parts of the appendicular lymphatic tissue was viewed. The arrangement of reticular fibers is essentially similar to that of the reticular cells, as found in various lymphatic tissues (FUJITA, 1978; MIYOSHI and SHIN-GU, 1984) .
In studies on the epithelial-stromal interface after the removal of epithelial cells, many pores or fenestrations were shown to be present in the basal lamina of the small intestine (KOMURO, 1985) , colon (WARFEL and HULL, 1988) , and skin (WARFEL and HULL, 1984) . These fenestrations were considered to be formed by lymphocytes migrating between connective tissues and the epithelium. The number of fenestrations is more numerous in gut associated lymphatic tissues (OGAWA and MIYOSHI, 1985; MCCLUGAGE, Low and ZIMNY, 1986) , in which active lymphocyte migration occurs. In the present study, the fibrilar layer of the lymphatic sinus wall was extremely thin in the luminally extended regions around TDA. The sinus lumen is separated from the reticular space of lymphatic tissue by only a thin fibrilar network perforated by many fenestrations. These areas may be sites for active lymphocyte migration from lymphatic Fig. 4 . Fibrilar arrangement at the boundaries between the lymphatic sinus and the reticular tissue in the TDA, a. Thin fibrilar network of the sinus (S) wall in close contact with the reticulum (R) of underlying lymphatic tissue. x3,800. b. The outer surface of the fibrilar network (*) of the sinus viewed from the reticular space (R). Some reticular fibers are flat and are anchored to the outer surface of the sinus (arrow) x5,300 reticular tissue to the sinus in the appendix. CRABB and KELSALL (1940) observed the distribution of the rabbit appendicular lymphatic sinus around the nodules by injecting India ink. In their study, the ink penetrated the reticular space of the TDA and dome area, thereby suggesting the existence of pores in the sinus wall of this region for the outflow of particulate substances. Most fibrils are oriented in a circular direction, forming a continuous dense layer. S sinusoidal lumen. X7,400. b. Upper portion (just basal to the TDA) of the sinus. Thin fibrils running in various directions from a coarse network. Note the space among fibrils (arrows). x7,600. c. Middle portion of the sinus. Bundles of fibrils in a horizontal direction form a dense layer covered by a delicate network of thin fibrils. X7,800. d. Basal portion (near the muscular layer) of the sinus. Thick bundles of fibrils with a wavy configuration are interlaced and form a dense network. A fine network of thin fibrils is intermingled with the dense network. X7,600
In experimental studies using autoradiography of labeled lymphocytes (MEUWISSEN et al., 1969) , the proliferation of lymphocytes was seen to occur in the basal and the lateral aspect of the follicles, the socalled cortex of the follicle. As lymphocytes mature, they migrate upward and enter the lymphatic sinuses around the TDA areas. In addition, WAKSMAN, OZER and BLYTHMAN (1973) observed lymphatic sinuses light microscopically, and described a massive migration of lymphocytes at the upper end of the follicle. They concluded that these sinuses were efferent pathways for lymphocytes from the lymphatic nodules.
In our observations, the fibrillar arrangement of the sinus wall was extremely thin in the TDA and upper sinus region. On the other hand, the remainder of the sinus wall was lined by a relatively dense fibrilar layer and did not seem to present sites for lymphocyte passage. These findings suggest that the lymphatic sinuses around the TDA may be active sites for lymphocyte migration from the reticular space.
